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β-lactam Ciprofloxacin (Cipro) Fluoroquinolone DNA synthesis inhibitor, binds to DNA gyrase Chloramphenicol (Cm)
Amphenicol
Protein synthesis inhibitor, binds to 50S ribosomal subunit A. Concentration dependent streptomycin killing rates were determined in the absence of population growth. Overnight cultures were diluted 10-fold and grown in M9 media to a high density. Cells were then incubated in minimal media with the indicated antibiotic concentration for increasing durations. Population viability decreased exponentially with dose duration. The control population showed negligible growth/death in these conditions, indicating that decrease in viability is due to cell killing. All data points show mean and standard deviation of 6 replicates; legend shows streptomycin concentrations in μg/mL.
B. Correcting for partial population death results in a lower effective recovery time (purple data points). However, the log-linear dependence of the recovery time on the total antibiotic exposure remains. A. Periodic dosing regimens can be specified by four key parameters: the antibiotic concentration , the dosing interval ! , the time between doses ! , and the total number of doses, !"#$ . We denote the recovery time following n doses as ! . B. Dosing parameters dictate treatment efficacy. Here, the heat map colors indicate recovery time after !"#$ = 10, for each combination of ! and ! ; yellow corresponds to large recovery time (i.e. a successful treatment) and blue corresponds to a low recovery time (i.e. treatment failure). C.
! predicts the efficacy of -dose treatments. Here, each trajectory corresponds to one value of ! , and colors correspond to increasing values of !"#$ ; each data point corresponds to a single multi-dose treatment at a fixed antibiotic concentration . There is a sharp transition in treatment efficacy (as measured by ! ) at roughly A. Dose response for carbonyl cyanide m-chlorophenyl hydrazine (CCCP). Seven logarithmically spaced concentrations were chosen, in addition to 0. Growth rates were calculated by log-transforming time series data and calculating the slope of the longest linear segment. Data points are the average of three replicates; black line shows the best fit Hill function (IC50 = 3.87µg/mL).
B. CCCP increases ethidium bromide (EtBr) accumulation, and inhibits antibiotic efflux, in a dosedependent fashion. A previously published protocol was used to measure the effect of CCCP on efflux pump activity, in the absence of growth. Intracellular EtBr, which acts as a general efflux pump substrate, can be measured via population fluorescence; accumulation is increased in the presence of increasing CCCP concentrations.
C. Efflux rate decreases with the addition of CCCP. Rates were calculated by fitting fluorescence time series data to Equation (3). Data points are the average of eight replicates. A. Sensitivity is defined as the total change in recovery time in response to a change in the antibiotic efflux rate (e.g. , vs , ), over the same range of antibiotic treatments (shaded triangle). Larger changes indicate increased sensitivity, and smaller changes indicate minimal sensitivity.
B. Populations are more sensitive to decreases in antibiotic efflux rate in conjunction with rapid ribosome degradation. Sensitivity was quantified relative to the basal value of , for increasing values of the ribosome degradation (arrow shows direction of increasing ).
C. Populations are more sensitive to decreases in antibiotic efflux rate in conjunction with strong nonlinearity in positive feedback. Sensitivity was quantified relative to the basal value of , for increasing values of the ribosomal feedback strength (arrow shows direction of increasing Hill coefficient ). Appendix Figure S8 . Determining IC50 values for various antibiotics. IC50 values were calculated from long-term dose responses in 96-well plates. Antibiotics were serially diluted to create a concentration gradient; cells were initially diluted 100-fold from overnight culture (~2e7 CFU/mL). Growth curves were collected using a Tecan M200 plate reader measuring OD600 every ten minutes. Each data point corresponds to the average of three technical replicates. IC50 values are shown in parentheses and were determined by fitting growth rates to a Michaelis-Menten equation (dashed line), and are shown in each panel (μg/mL). Antibiotics tested are as follows: chloramphenicol (panel A), carbenicillin (B), tetracycline (C), spectinomycin (D), gentamicin (E), streptomycin (F), cefotaxime (G), penicillin G (H), and ciprofloxacin (I). For all panels, x-axis indicates antibiotic concentration on a log scale. 
